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 Abstract  
Due to rapid development in Malaysia, demand of construction materials 
such as brick in the construction sector has increased. Due to that situation, 
the manufacturer need to used large amount of natural source such as 
natural aggregate. Development also at the same time producing a large 
amount of waste such as demolition waste. Other than that, the non-
biodegradable substances such as bottles widely have been used by 
people. The entire situation stated gives a problem to the environment and 
human itself. Therefore, recycling of the waste and using as a construction 
material replacement becomes a common feature in the industry.  The aim 
of this research to study the possible use of Recycled Concrete Aggregate 
(RCA) and Polyethylene Terephthalate (PET) bottles as fine aggregate 
replacement in composite brick. The bricks specimens were prepared by 
using 100% natural fine aggregate, they were then replaced by RCA at 15%, 
30% and 45% with proportions of PET consists of 1.0%, 1.5%, 2.0%  and 2.5% by 
weight of natural fine aggregate. A series of tests was carried out to study 
the effect of using RCA and PET on the mechanical properties includes 
compressive and water absorption tests. The result shows that the 
replacement of fine aggregate by recycled concrete aggregate at the 
level of 30% of RCA and 1.0% PET provide the highest compressive and 
acceptable water absorption compared to other percentage and control 
specimen. However, if the replacements of PET increase, the strength of brick 
was decreased for compressive respectively.  
 
Concrete Technology: Research and Applications Series 3 
 
122 
 Keywords— Recycle Concrete Aggregate, Polyethylene Terephthalate,  
          Composite Brick, Waste Brick Material 
 
1.0  INTRODUCTION 
Consumption of natural resources has increased and follows by the great 
quantity of waste that has been produced across the time. As a result, the 
waste materials cause a waste disposal crisis problem contributes to the 
environmental problem across the word. Whereas on the one hand, there is 
critical shortage of natural aggregates (NA) for production of new concrete 
and brick. Brick is one of the important material in the construction of which 
is widely used and highly demand in the construction of a structure in the 
civil engineering sector. Bricks are used as the main materials to construct 
the wall and the quantity follow by the size of the building. Other than that, 
the enormous amounts of demolished concrete produced from 
deteriorated and obsolete structures creates severe ecological and 
environmental problem [1]. Recycled concrete aggregate (RCA) is one of 
the largest wastes produced from construction industry which have high 
possibility to be recycle. Furthermore, RCA provide equivalent strength 
mortar due to proper bonding between aggregate and concrete-mix 
compared to the mortar with natural fine aggregate-aggregate. Annual 
consumption of Polyethylene Terephthalate (PET) drink covers of 
approximately 10 million tons, which presents perhaps 250 milliards bottles. 
This number grows about up to 15% every year. PET is commonly used for 
blown bottles for soft-drink use and containers for the packaging of food and 
other consumer goods [2]. PET is non-biodegradable products that been 
used and thrown out after used which leads to the environmental pollution.  
 With all the problem mention before, recycling of the waste and using 
as a construction material replacement becomes a common feature in the 
industry. Results obtained from Poon, Koi and Lam [3] with their studies, the 
compressive strength for brick have a greater value rather than the control 
if 50% of RCA is used. However, if 75% and 100% are used, the result shows a 
reduction. Transverse strength test presents that all percentage of RCA used 
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shows a high value compare to control and its pattern similar with drying 
shrinkage test. They point out that although percentage of 25% and 50% of 
RCA used shows a little effect on compressive strength, but the transverse 
strength of the specimen increased as percentage of RCA increased. Based 
on Ismail and Yaacob [4] the result from the test conclude that the 
substitution of natural fine aggregate by recycled fine aggregates at levels 
of 50% and 75% showed a good effect on compressive strength of the bricks. 
However, the result is slightly lower in flexural strength as the volume of 
recycled aggregate exceeds 50% which is due to the high proportion of 
coarse aggregate in recycled aggregate that make the bricks more porous. 
The shrinkage and water absorption performance of the bricks shows a 
satisfactory result. 
 Reutilization of PET wastes in concrete technology one of the 
innovative solution and is considered the best environmental alternative for 
solving the problem of disposal [5]. Ramadevi and Manju [6], also worked on 
PET fiber as fine aggregate in concrete and result got revealed an increase 
in compression and tensile strength. The research used 0.5%, 1%, 2%, 4% and 
6% of PET volume as a replacement. In the analysis of tests done, the 
compressive strength started to increase and it been observed till 2% 
replacement of fine aggregate by PET bottle fibers and then the 
compressive strength gradually decreases. From the analysis for its flexural 
strength of the modified M25 grade concrete, it shows an increasing value 
for 2% replacement of fine aggregates with PET bottle fiber. However, it 
gradually decreased for 4% and remains same for 6% replacement. Choi et 
al. [7] studied on characteristics of mortar and concrete containing fine 
aggregate produce from recycled waste polyethylene terephthalate 
bottles. Three design mixtures were done by using water cement ratio of 0.45, 
0.49 and 0.53 for a concrete series of 0%, 25%, 50%, 75% and 100%. From the 
result, for PET volume increase from 25%, 50% and 75%, the compressive 
strength value decreased than control.  
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As a conclusion, the potential to manufacture composite brick containing 
recycled concrete aggregate (RCA) and Polyethylene Terephthalate (PET) 
as replacement fine aggregate material was study. This study aims to 
determine the combination of RCA and PET as replacement material to 
enhance the strength and durability composite brick compared to 
conventional cement sand brick. Therefore, the use of RCA and PET 
materials in composite brick production will be promoted as sustainable 
friendly- waste materials and green building. 
  
2.0  EXPERIMENTAL WORK 
The determination of the testing method for optimum mix ratio design of 
composite brick performance and suitable tools  for  testing  are  important  
to  obtain  data  for  analysis purposes. This composite brick was moulded 
with a mould size 215 mm in length, 103 mm in width, and 65 mm depth. This 
study investigated in terms of hardened composite brick to answer the 
optimum mix ratio of waste RCA and PET. The RCA used in this study were 
concrete casted in laboratory with strength of 25 MPa to 35MPa. To obtain 
the RCA, the concrete cube was crushed by using crusher machine. 
Meanwhile PET waste was obtained by collecting the bottles around UTHM 
and Parit Raja area. Only PET bottle (mineral water) waste was chosen. PET 
need to be cut into the smallest size by using the granulator machine. These 
waste materials are sieved to produce RCA and PET as follow British 
Standards [8]. Figure 1 and 2 show the RCA and PET passed 5mm sieve. RCA 
and PET that only pa ss 5mm sieved were used because similar to sizes of fine 
aggregates characteristic. The grain size distribution of fine aggregate and 
RCA and PET as shown in Table 1. Table 2 shows the properties of fine 
aggregate, RCA and PET. 
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       Figure 1: RCA with size less than 5mm.      Figure 2: PET with size less than 5mm. 
 
This experiment used recycled fine aggregate as replacement were 1.0%, 
1.5%,2.0% and 2.5% of PET and 15%, 30%, 45% of RCA by weight of natural 
sand. One batch of bricks had no RCA and PET content as guide to compare 
the performance of composite brick containing RCA and PET. The RCA 
consist of old cement, mortar and natural stone. Design method of the brick 
followed BS 6073 [9]. The composite brick design to exceed 7 N/mm2.  The 
mix ratio design was 1:6. The compressive strength of a material determines 
its load carrying capacity before failure. British Standards Institution states 
that the compressive strength of bricks should not be less than 7 N/mm². The 
test was carried out for the sample periods of 7 and 28 days. The sample is 
placed on compression testing machine. Next, the specimen also done 
water absorption test.  The water absorption test was conducted to 
determine the percentage of water absorb by the composite brick 
according to the BS 3921:1985, [10] which specify for the testing of bricks. The 
tests also determine the saturation coefficient which is defined as the 
percentage of pore volume filled in 24 hours of soaking. The tests are 
conducted for 28th days. 
 
 
 
 
 
Concrete Technology: Research and Applications Series 3 
 
126 
Table 1: Sieve analysis of fine aggregate, RCA and PET. 
 
BS test sieve 
Percentage passing by weight 
Natural sand RCA PET 
10 mm 100 100 100 
5 mm 99.2 98.6 97.4 
2.36 mm 92.4 75.9 85.6 
1.18 mm 78.6 48.1 50.6 
600 15.1 16.7 18.8 
300 7.6 9.2 5.4 
150 0.2 0.4 0.2 
Pan μm 0 0 0 
 
Table 2: Properties of natural and recycled fine aggregate. 
 
 Fine aggregate RCA PET 
Specific Gravity 2.865 2.462 1.103 
Water Absorption 
(%) 
2.669 4.167 1.103 
 
2.1  MIX PROPORTION, CASING AND CURING  
  
The brick was produce with the mixture ratio of 1:6 with constant 0.6 of 
water cement ratio. Fine    aggregate was replaced by 1.0%, 1.5%, 2.0% 
and 2.5% of PET and 15%, 30%, 45% of RCA of its weight. The mix proportions 
are shown in Table 3.  
 
Table 3: Mix Proportion for single brick (1m3) for 1:6 mix design ratio. 
 
Mix Designation 
Cement 
(kg) 
Fine 
aggregate 
(kg) 
RCA 
(%) 
RCA 
(kg) 
PET 
(%) 
PET 
(kg) 
w/c 
Water 
(kg) 
Normal 
0.30 
1.92 0 0 0 0 
0.6 0.18 
RCA 15-PET 1.0 1.42 
25 0.36 
1.0 0.003 
RCA 15-PET 1.5 1.41 1.5 0.005 
RCA 15-PET 2.0 1.40 2.0 0.006 
RCA 15-PET 2.5 1.39 2.5 0.008 
RCA 30-PET 1.0 0.94 
50 0.72 
1.0 0.003 
RCA 30-PET 1.5 0.93 1.5 0.005 
RCA 30-PET 2.0 0.92 2.0 0.006 
RCA 30-PET 2.5 0.91 2.5 0.008 
RCA 45-PET 0.5 0.46 
75 1.08 
1.0 0.003 
RCA 45-PET 1.0 0.45 1.5 0.005 
RCA 45-PET 1.5 0.44 2.0 0.006 
RCA 45-PET 2.5 0.43 2.5 0.008 
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3.0  RESULT AND DISCUSSION 
The experiment was conducted in Makmal Bahan Termaju, Universiti Tun 
Hussein Onn Malaysia. The results and analysis are divided in two parts, 
namely physical and mechanical properties. All collected data presented 
in table and graph to assure for a better and clear understanding of the 
results. 
 
3.1  COMPRESSIVE STRENGTH 
The compressive strength of the specimens determines its load bearing 
capacity before failure. Figure 3 shows the average compressive strength of 
composite brick with RCA and PET. 
 
 
Figure 3: Compressive strength for 7 and 28 days. 
 
The specimens of the sample being tested at 7 days and 28 days with 
different percentages replacement of RCA and PET. The result shows that 
some samples for both 7 and 28 days achieved high strength from the 
control brick. The sample contains of RCA 30% and PET 1.0% is the highest 
compressive strength. Meanwhile, the composite brick contains of RCA 45% 
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and PET 2.5% achieve 15.07 MPa and 18 MPa for compressive strength at 7 
and 28 days, respectively which is lower compared to the control brick 
strength. 
 Other than that, the strength of the composite brick is decreasing as 
an increasing of PET replacement for both 7 and 28 days testing. These trend 
is similar pattern with the previous studied conducted by Irwan et al. [11] that 
stated the good bonding between aggregate and binder as increase in PET 
content may result a decreasing in strength of materials. Form the graph 
above, the highest value of compressive strength for every RCA percentage 
replacement accrued when the PET 1.0% replacement is used. This shown 
the increment of PET replacements in composite brick reduce its 
compressive strength. This research agreed with the conclusion made by 
Ismail and Al-Hashmi [12] where the decreased trends attributed to the 
decrease in adhesive strength between the surface of the plastic waste and 
the cement paste. 
 
3.2  WATER ABSORPTION 
Figure 4 shows the results on water absorption with time. Water absorption 
characteristic of composite bricks containing RCA and PET increased the 
water absorption characteristic of brick. It is obviously shows that the 
increasing trend of water absorption as percentage increases the 
replacement of RCA and PET for all samples. This have been proved by 
Padmini [13] by mention the most significant difference between RCA is its 
higher water absorption capacity as compared to natural aggregates due 
to higher porosity of the mortar phase. The sample with RCA 75% with PET 
2.5% is the highest water absorption and sample RCA 25% with PET 1.0% is the 
lower water absorption compare to the control brick. Other than that, for the 
25% and 50% RCA replacement brick, the increment trend of water 
absorption drops when the value of PET at 2.5%. However, at 75% RCA 
replacement there is no major trend for all PET replacement. The composite 
brick containing with high RCA percentage was more porously than the 
natural sand. It was due the pore is normally discontinuous in a matrix and 
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being completely enveloped by cement paste in brick. The physical size, 
shape and random distribution of recycled fine aggregates are more 
coarser than natural sand  which  is  make  the  packing  of  mortar  matrix  
becomes  less  efficient  as  the  recycled aggregate content is increased [4-
14]. 
 
 
Figure 4: Water absorption of sand cement brick for 28 days. 
 
4.0  CONCLUSION 
This studied had investigated the physical properties of the materials 
involved such as fine aggregate, RCA and PET. The testing involved is specific 
gravity, water absorption and sieve analysis. From the results obtained, RCA 
materials have highest water absorption compared to natural fine 
aggregate. However, the natural fine aggregate was achieved higher value 
in specific gravity. Meanwhile, the PET as fine aggregate exhibits the lowest 
value for both properties. However, the grading curve for fine aggregate, 
RCA and PET was acceptable to be used as the curve is in the range of 
maximum and minimum value according to BS 882:1983[15].  
 The trend shows an increasing compressive strength corresponding 
on the volume of fine aggregate replacement with RCA and PET. 
Furthermore, all samples with a different volume of RCA and PET achieve 
strength more than 7 N/mm2 following BS 6073-1[9]. The water absorption 
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results obtained is highly increase due to the characteristic or RCA its self. 
However, the composite specimen can attain the highest maximum load of 
33% more than normal specimen. As a conclusion, both the compressive 
and water absorption properties indicate that the composite brick 
containing 30% of RCA and 1.0% PET is the best optimum ratio as fine 
aggregate replacement.  
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